What are the Long-term Effects of PM?
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. . _ o o _ _ _ The biological plausibility for cumulative effects of chronic exposure to ambient air PM, 5 has been enhanced by the results of a subchronic inhalation
SCl ence Qu eStl ons Two large cohort mortality studies, i.e., Harvard Six-Cities and American Cancer Society (ACS) linked annual average A cross-sectional study in 24 U.S. and Canadian cities showed that long-term exposure to exposure study of mice. Normal mice (C57) and a murine model of atherosclerotic disease (ApoE-/-) were exposed for 6 hr/day, 5 days/wk for 5 months
;Iglzd%://veltllg prr:neer?]?t(;rte)rgor:?:,]ﬁgd Cardlopulmonary mortal Ity. Also, there was limited evidence lin klng |Ong-term PMlO with PMZ._S and strongly acidic aerosol was associated with respiratory function deficits, symptoms in the summer of 2003 to Tuxedo, NY (ambient northeastern regional PM, 5 background) aerosol that was inertially concentrated ten-fold (av. Conc. =
_ _ _ o _ P ' and iliness. 110 pg/m?3). There were no significant exposure-related effects in the C57 mice. However, in the ApoE-/- mice, there were both short-term and
1. What is the magnitude of excess mortality and morbidity attributable K NOWLEDGE GAINED SINCE 1997- cumulative effects on heart rate (HR) and heart rate variability (HRV) (Figures 9 & 10). At the end of the exposures, there were significant differences
to chronic exposure to particulate matter (PM) in ambient community : KNOWLEDGE GAINED SINCE 1997: between PM, ¢ exposed and sham-exposed mice in aortic plague density and invasiveness (Figure 11), expression of genetic markers for circadian
air in terms of: HE| reanalysis of data from Six-Cities and ACS cohorts confirmed validity of original analyses, and demonstrated that In the Children’s Health Study (CHS) in 12 Southern California communities, (Figure 6 and rhythm, and cell density in the substantia nigra in the brain (Figure 12). Source appor'gonm.ent anglyses were applied to the sh(?rt-term changes in I—!R
e regulated indices (PM,s, and PMyg.,.<) alternate model specifications gave similar results. 7) supported by the California Air Resources Board with supplementary EPA support, and a_nd HRYV, and_ each of the.four source categories (secondary sulfate, resuspended soil. residual oil combustion, and motor traffic) was associated with a
' ' _ _ _ _ _ _ with current support from NIEHS, a cohort of 4 graders were studied annually until high different transient change in HR or HRV (Table I).
e other airborne concentration indices that may warrant regulation, Extensions of mortality follow-up from 7 to 16 years in both cohorts confirmed excesses in PM, s-associated total and school graduation. Among the many findings from this multidimensional study are: 1) lung
such as PM1, Ultrafine particle number (UFP), specific components cardiopulmonary mortality, and demonstrated excess lung cancer mortality (Figure 1). For the ACS cohort, most of the function growth in a 4" grade cohort was significantly lower in proportion to the Figure 9 Figure 10 Figure 11
and/or source categories (e.g., power plant effluents, motor vehicle excess mortality was shown to be related to cardiac disease (Figure 2). These analyses showed no evidence for concentrations of PM, 5, NO,, and acid vapors (Figure 8); 2) children who moved, during the Effects of Subchronic Exposures of CAPS L _
exhaust, wood smoke, etc.) concentration thresholds (Figure 3). For both cohorts_, f[he effects were greatest in thgse with the Iovyest educational study, from lower pollution communities to more polluted communities had slower lung o R ApoE-’- oo Effects of CAPs on Heart Rate Variability Effects of CAPs on Aorta Plaque Size
. . . attainment, which may account for the greater coefficient of response in the Six-Cities cohort, which was a more function growth than those that stayed, and those moving from dirtier communities to less oen cires on nonexoosure dors dose?cim]es o xpuere daye "SDNN for ApOE- mice. The circles I e piots are daly crude fects estmated Lesion area of longitudinal sections
e enhanced risks to susceptible subpopulations (fetuses, young representative population than the largely well educated ACS cohort (Figure 1 and Table I). With the exception of polluted communities had greater lung growth than those that stayed; and 3) analyses of the e : e in the 1%t stage (full for exposure day and empty for non-exposure day). S0
children, elderly, and people with pre-existing chronic diseases SO,, the criteria pollutant gases were not correlated with annual mortality (Figure 4). The SO, may be serving as a role of within-community variations in traffic-related air pollution (supported by EPA) showed mice’s HR during 11:00-13:00 mice’s HR during 1:30-4:30 am. 16:00 - 18:00 01:30 - 04:30 s . * e
such as asthma, COPD, atherosclerosis, diabetes, etc.) marker for the acidic sulfate particles that form in the atmosphere from SO, as a precursor. that proximity to high traffic density roads is associated with asthma onset, asthma-related . : =513 091 . g 60% | -
: : school absence, and impaired lung function growth, and that particulate organic carbon is £l . Eol . _0s o N B 500 |
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e nervous system disease Exposure Increase Monotonically with Exposure ei3%% 85525 = =TS g F5Y; : = - - * Animals prone to develop atherosclerosis were more
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1. Determine, through studies of population impacts, the specific influences RN Fbobpels } fEagld é‘ 4%) v * asthma-related school absence, Table 2 Figure 13
of PM size fractions, chemical components, and source-related mixtures on (Pope, Bumett, Thun, Calle, Krewski, Ito , and Thurston) (JAMA, 2002) R T 2%k oL * reduced lung function growth, and that ShortTenm Gandlas Finefonichanges
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human health and welfare. Table | o eL“1.O e - - - Organic carbon within the PM2.5 is associated with: in ApoE-/- Mice Associated with PM I
| | | | able HawardOSix-Ci:i_es Stut‘iiy: Adjl.ljstfed Annual M:?rtility Ra_tePR;tios Figure 5 Spatial U.S. Variability of PM, ; Factors PM, . (ug/m?) s e e e e A Components with Significant p-Values i
2. Characterize, through laboratory-based investigations, the components and 98% Confidence intervals for a 19Lg/m” Change In PMz.s Confirms their Source Interpretations i
- ) ] ) ) ] . stimated from Cox Proportional Hazards Models ) PM Affected 107 x Conc. pig/m’ Vi cuardle §
within or on PM surfaces that determine the distribution of particle deposition - AR 5% 1) w N Component | Time ofday | Variable | FRECt | p | gy | fist, | third Change i
Py . . . . 0. : coeflicien quartile | quartile
within the respiratory airways, their clearance and translocation pathways as Cases | Average PMys Time-varying PMz5 PM25_ [ 1100300 [ HR [ 4767 [000[ 1130 | 5521 | 14148 [ 41bpm
ticl thei taboli th fier di uti th | f diat Total mortality | 2,732 1.14 (1.06-1.23) 1.14 (1.06-1.22) . R““ggﬁ""‘*d 11:00-13:00 | HR 36123 |001| 1318 | 588 | 1836 | -45bpm
partucies, their metaboliC patnways afer aissolutuon, the release or meaiators Cardiovascular | 1196 | 1.26 (1.12-1.41) 1.22 (1.11-1.35) Conclusions Resuspended | o~ T o 546|005 | 1508 | 536 | 1836 | +26tm
by the cells that they contact or enter, and the sequence of events that lead Respratory | 195 | 107 (0.79-1.49 1.13 (0.84-1.50) e ——
Lung Cancer 226 1.26 (0.96-1.65) 1.26 (0.99-1.61) e NO , PM & elemental carbon, and acid vapor ‘LSuH'ul‘c‘ 16:00-18:00 HR 23630 [ 005] 6341 | 25.08 79.20 -2.5 bpm
to measurable health effects. ot TR TR TR ass%ciatezdS with deficits in 8-yr growth Residual Oil | 16:00-18:00 | RMSSD | 2637 | 000 153 | 001 | 230 | +62%
Rates have been adusted for:-!ge in one-year categories, gender, current smoker, - " . . QLSL:I‘I??I‘:.H 40 RMSSD 107 b R 23.08 L =:6%
. Eyr;entﬁaﬁk;ear;_ofsmo:rﬁ.fonne;dsmkf;_ortr;mr?a;:légf;arsofsmgkmg,Iesé than e All children at risk, not just susceptible e oo Lo | am Toovoms | sms 1 sss | waso UBM images obtained in ApoE" mice exposed to filtered air or SF CAPs for 6 months. A. UBM image of a
B Otto m L ne Lfngczl._noeruéné,@e1_52,Caﬂdimﬁﬁm|a;éise£?eurcng”md&shm.’iam; subgroups s e L large plaque at the entrance of carotid artery. B. Doppler flow measurements showed that the blood flow
Yaverags Phos onkulatic ae e everage of ol avaliable sampling deta — Six Cles e Deficits in 8-yr growth resulted in clinically velocity was reduced as compared to filtered air exposed animal with a plaque, shown in C.
. . . Monitoring Data for years 1979-1985, PM, s estimated from AIRS data for years 1985-1998. signiﬁcant deﬁcits in FEV Elt age 18
Substantial progress has been made, during the past six years, by EPA ‘
scientists, and by those engaged at the PM Centers in research supported 'Efgggﬁi('j“ufl‘gh;‘j}?t'on I8 likely to persist
by EPA, in addressing the long-term effects of exposures to ambient air PM. " " Future D| recti ons Future D| reCti ons
The research described in this poster has, collectively, provided new insights F u t ure DI reCtI ons
and better investigatory tools for further research studies that can more : : e - : - - - -
o e ot 9 thy o ; o t The contributions of individual source categories (e.g., suspended sulfates from coal combustion, residual oil With EPA and NIEHS support, further research on the CHS cohorts will focus on: 1) a new The results of follow-on studies in the winter of 2003-2004, and the summer through winter of 2004, incorporating more biological effects
efinitively determine the specific disease processes and population impacts combustion effluent, resuspended soil, motor vehicle traffic) to total and by-cause annual mortality is being cohort of kids looking for incident and prevalent asthma related to regional and local assays, are currently being analyzed. Future studies will include simultaneous studies in Tuxedo, NY and New York City to determine the
resulting from exposures to PM in ambient air, and the PM components and wudied usi i  tachni 4 PM tional anal based on EPA's Speciafi (traffic) pollution; 2) studies of exhaled NO as a predictor of air pollution effects (both role of the incremental carbonaceous aerosol present in New York City, and will utilize periodic ultrasound imaging to measure aortic plaque
) _ _ _ Site network for communities throughout the U.S. having different PM compositional mixtures. (Figure 5) oxidative and nitrosative); 3) genetic influences on susceptibility to pollution; and 4) studies growth and its influence on aortic hemodynamics (Figure 13). Other studies will be conducted in locations having different PM compositions.
cauga}l componer)ts of PM, and of their sources, is essen.tlal to guide control g . 9 P ALY of intracommunity variability of pollutants and their effects. These, and studies that enhance the surface concentrations of possibly causal components, or add CO or O, to the mixture, will help in
decisions and to inform OMB, the Congress, and the public. identifying the most influential of the components of ambient air pollution.
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